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FROM THE PONY DISTRICT, MADISON COUNTY, MONTl\NA
INTRODUCTION
The purpose of this paper is to investigate the occurrence
and character of the ,vermiculite deposits approximately four
miles northwest of Pony, in T. 1 6.) R. 3 W.; Madi-son County I)
Montana. The deposits are 6i tuated in rolling foothills at
the northern end of the Tobacco Root, mountains.
Some previous mining of vermiculite has been done·on the
property. Most of this work has consisted of the removal of
several feet of the decomposed vermiculite-bearing'schist, ap-
parently by a bulldozer. In addi tion to this surface strip-
ping, one shaft, approximately five feet square and 15 feet
deep, has been sunk, probably to investigate the deeper rock.
Material piled around the collar of the shaft, assumed to have
been taken from this opening, exhibits essentially the same
properties as that lying at the surface.
Vermi culite 1s the name given to a group of hydrated
magnesium-aluminum silicate minerals. They are recognized
by their characteristic micaceous cleavage, but unlike mica
the folia' are pliable and inelastic. The most pronounced
property of the mineral, and upon which its commercial ap-
plication depends, is its ability to expand up to 20 times its
original volume upon exposure to high temperature. This pro-
perty is attributed to the rapid expulsion of water of crys-
tallization in the form of steam, .
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OCCURRENCE
Geology and Topography
The Pony vermiculite deposits·occur in pre-Cambrian rocks
of the Pony series. These rocks form the basal complex of the
district and consist1 of gneisses and schists varying in compo-
sit ion from chiefly quartz and feldspar to amphibole, garnet
and mica. Gray and light gray gneisses of granitic composition
are the most abundant. The entire complex of schists and
gneisses is criss-crossed by igneous injections, both acid peg-
matite and quartz veins, and basic intrusions. This area is
In the vicinity of the vermiculite deposits the schists of·
believed to have been exposed to long weathering in the geolog1c
paEt, being part of an old Eocene erosion surface.
the Pony series dip steeply towards the northeast and the effect
1. Tansley, Schafer and Hart, Memoir No.9, "Geological Recon-
naissance of the Tobacco Root Mountains, Madison County,
Montana,~ Mont. Bur. Min~s and Geol., 1933.
PLATE II
A
PONY VERMICULITE DEPOSITS,
B
LOADING BINS AT PONY VERMICULITE DEPOSITS
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of pegmatites is eVident in the presence of stringers of
quartz and feldspar parallel to the schistocity. The vermicu-
lite apparently occurs in 'selected bands in the schist and
both quantity and quality of. the mineral vary in adjacent
bands ..
No prominent natural outcrops of the vermiculite-bearing
rock are evident in the vicinity although examination of the
soil shows particles of mica-like mineral.
The deposits lie on the gentle west slope and near the
top of one of the hills characteristic of the northern end
of the Tobacco Root mountains. The surface is nearly barren
of veget~tion with the exception of sagebrush, grasses and
occasional scrub pine.
+ ~ature~of Vermicqlite Deposits
The manner of formation .of vermiculite.deposits has been
attributed to different causes in different occurrences, but
not necessarily disputed in any one occurre~ce. In general,
its formation has been attributed to the effects of hydro-
thermal solutions, acting alone, to alter certain basic rock-
forming minerals' to vermiculite, or acting in part but coupled
with the action Df weathering to produce the highly hydrated
mineral.
One factor tending to obscure the origin of the mineral
is that very few known deposits have been worked to a depth of
100 feet. Because of this fact all information obtainable has
0./
come from examination of material ~ffected by the action of
metoric as well as hydrothermal solutions. Thus a question
has arisen as to the importance of weathering in the formation
of vermiculite.
...4-
Results ef Investigation ef Other Depesits
It is interesting to.nete the manner ef eccurrence ef va-
rieus depesits ef vermiculite and the explanatiens given fer
the fermatien ef the miner.al.
. 0<Wyeming Depesits~
"•••Wyeming vermiaullte is asseciated with pre-Cam-
brian basic and ultr~ basic igneeus recks and their meta-
merphesed equivalents, and deposits have fermed at er near
contacts of these recks with granite pegmatites. It is
believed that the pegmatitic intrusien previdedthe selu-
tiens necessary to. alter hornblende, bietite and serpen-
tine to.vermiculite.
"Thin sectiens ef altered hernblende indicate tha~
vermiculite has fermed directly frem hernblende in many
instances and that at ether times an intermediate stage
existed •••.•Cemmercial vermiculite is restricted to.areas
ef pegmatitic injectien ••••• Meteric waters are theught to.
have been ef little er no. impertance in the fermatien ef
Wyeming vermiculite."'
Reasens given fer this last statement include lack ef such
minerals as limenite, kaelin, epal and chalcedeny which weuld
indicate actien ef meteric water; lack ef supergene alteratien
at d~pths to. 100 feet, and the fact that the vermiculite berders
en the pegmatites.
Rainy Creek (Libby) Depesits3
"•••this bedy appears to.be a dike-like ferm and at
least 100 feet wide and 1,000 feet leng. It extends. to.a
depth of at least 100 feet, its lower limit not being
shewn •••••The vermicullte is an. alteratien preduct ef
bio t Ite and Loca lI is one of the main consti tuents of
t.he l)jTnX ',nj tenass· ••••Change s in the et ock by the action
of hot soLu t i ons have been so widespread and so unusual
in character as to deserve special notto·e. The principal
minerals produced by these changes are white mica,
aegirite, aegirite-diopide, vermiculite and fibrous amphi-
bole."
2. Hagner, A.F., fI.-VyomingVermiculite Dep oeLt s.j " Geol. Burv.
of Wyo.. Bull. 34, 1944.
3. Parde, J.T. and Larsen, E.S., "DepOSits of Vermiculite and
Other Minerals in the Rainy Creek District, Near Libby,
Mentana." U.S.G.S. Bull. 805, 1928.
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Western Australia4~... ~.....
The bronze-colored mica possesses the properties of
a ver@ic~liieJ since it exfoliates remarkedly on heating,
bu t the deepe r colored vert etias do not exf01 1at e, _ This
property of exfoliation appears to depend upon the state
- of Weathering readhed by the mica stnce examination shows
that both types have the same optical properties •••.This
biotite schist appears to result from the phlogopitization
of the hypersthenite by potassic solutions or emanations
fro~ the intrusive granite (pegmatit1b solutions)."
Western Australi~5
"••~Fleld evidence does not support the view that it
(vermiculite) is sim ly a weath~~ed form of biotite or
phlogopite mica, but that it is a .mineral formed under
deep-seated .hydrothermal metamorphic conditions.
~The host rock is invariablY a highly sheared, b~sic
igneous rock, consisting·of horl'lblends1 actinolite, an-
throphyllite and usually talc. In every case there is
evidence of granitic or pegmatitic intrusive rocks in the
immediate vicinity of the deposits. In every case the
biotite and other mic~, in the highly weathered adjoin-
ing granite and gneiss, are not in the vermiculite group.
Dark green vermiculite has been found in the cent~rs of
fresh microcline feldspar boulders from a pegmatite
dike that could not have had access to atmospheric weath-
ering agencies ..'·
The writer of this article also refers to a Mr. H.A.
Ellis, a geologist who eXamined the deposits in the Young
River district of Western Australia, as saying that, contrary
to the general belief, vermiculite deposits are not confined
to the zone of weathering, but continue to dep t.hs limited
only by the continuity of the host rock and the deformation
structures primarily responsible for the formation of the
I
mineral.
Pony Deposits
All of the Pony Vermiculite examined was taken from rock
4. Prider, R.T.,«Sapphirine From Dangin, Western Australia~
Geol. Mag., Vol. 32, No.2, 1945.
5. Misc. article, "Vermiculite," Chemical Engineering and
Mining ReView, Jan. 10, 1945
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lying at, or near to, the surface, and thus subject to the
action of metoric water which easily permeated this porous
friable rock. Evidence of this action is shown in the exa-
mination of thin sections which show limonits stringers
criss-crossing the entire section in places, and in the alter-
ation in part of the andesine feldspar to kaolin.
The Pony vermiculite is believed to be derived, in part
at least, from the alteration of hornblende, either with or
without an intermediate biotite or phlogopite stage. This is
evidenced by the fact that_the mica mineral, ?istinguishable
bi its parallel extinction, is forming at the expense of bio-
tite. Because of similarity in the optical and color charac-
teristics of the vermiculite and the true micas it is difficult
to tell the two apart in thin section. In all examinations
made of the platy mineral, however, no mineral was found whose
folia were not inelastic and flexible. For this reason it can-
not be said definitely that there is any intermediate true mica
stage in the alteration of hornblende to vermiculite in the
Pony material examined.
Effect of Pegmatites
In all the vermiculite deposits noted, the effects of
pegmatitic solutions are noticeable and these solutions have
been charged either completely or in part with the alteration
of biotite, hornblende, etc., to vermiculite. The effect of
hydrothermal solutions in the formation of vermiculite appears
necessary because to enact the alteration of hornblende, biotite,
etc., to vermiculite requires the introduction of·certain ele-
---
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ments and the removal of certain others. This is evident from
the formulas for the respective minerals.
Biotite-----K(Mg,Fe)3
Phlogopito--K Mg2 A12
Hornblende--Ca2 Na(Mg,Fe)4 (Al,Fe)3 8i6 022(O,OH)2 7
Vermiculite~22 MgO • 5 A1203 • Fe203 • 22S102 • 40 H20 7
Thus, the alteration of hornblende, for instance, to vermi-
culite involves the introduction of considerable magnesium and
water, and the removal of calcium and sodium. If there were a
transition phase to biotite, as suggested by Hagner with regard
to the Wyoming deposits, the alteration would 'first involve an
introduction of potassium and the removal of sodium and calcium.
Whether there is a transitional biotite stage or not, consider-
able hydration must be ~ffected before alteration of the miner-
al to vermiculite takes place.
Met oric Vaters
Although the action of metorlc waters is evident in the
presence of limonite and kaolin, there is no evidence that the
vermiculite was formed through the action of these waters alone.
If this were the case, universal alteration of hornblende, bio-
tite, etc., ~t surface exposures to vermiculite would be ex-
pected and this is not the case by far.
This leaves the possibility that metoric waters may have
been a contributin factor after the action of some other factor
upon the ferro-magnesium minerals.
6. Hurl but, C:5., "Dana's Manual of Min.," 1941.
7. Gruner, J.v., "The Structure of Vermiculites and Their
Collapse by Dehydration," Am. Mineral. Vol. 19, No , 12,
1934.
PLATE III
A
VERMICULITE-BEARING SCHrS'.r
B
LI ONJ;TE(BLACK) CUTTING
HORNBLENDE (LIGh'T ) x25
D
V.b:ma CULI'r.J~;(DARK) AtTEm: G
FOOM HOHN13lliNDE x25
i'
C
VhRMICULlTE (DARK) REPLAC.c:;D BY
GARNET AND FELDSPAR
x25
E
ALTERA'l'ION
OF AND~SINE F~LDSPAR x25
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Genesis of Vermiculite
Probably the final answer to the problem of the mode of ori-
gin of vermiculite deposits lies in an examination of the effect
of hydrothermal (pegmatitic) action at depths below the zone of
metoric water. Should examina.tion at depth indicate less
vermiculite-like and more biotite- or hornblende-like qualities
with increasing depth, evidence would point towards a formation
due to the action of both hydrothermal and metoric solutions.
Should there be no change in the vermiculite with increasing
depth, it could be assumed that metoric waters have no effect
in the formation of the mineral.
Several facts point toward the first hypotheSiS, however,
~lrst, 'the high degree of hydration would indicate that the fina1-
stage of al teration was. supergene rather than hydrothermal. Se-
condly, in Montana both the Rainy Creek and the Pony deposits
are believed to be situated in areas long exposed to erosion
and weathering, thus supplying the time element so important
in geologic processes.
It is the belief of the writer that the Pony vermiculite
depOSits are derived from the hydrothermal alteration of horn-
blende in hornblende schists, followed by hydration caused by
the action of metoric water. There was no evidence found of
any "true m t ca" transition s.tep in any of the material examined,
although some plates of the mineral showed no tendency to ex-
pand upon heating and the possibility of a transition step is
not precluded.
PHYSICAL PROPERTIES OF PONY VERMICULITE
.Color, Appe~rance and Texture
The vermi~ulite:b<earing -rock is brown t'~ bronz~ in cotor',
PLA.TEIV
II
A
VgRMICULITE-BEARING ROCK
sEXPAND~D POliY VhRMICULlTE
x8
C
EXPANDED RAINY CIQK VERMICULITE
x8
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the bronze being due to the plates of vermiculite while the
lower grade material is usually rich in limonite-stained clay.
The folia are inelastic and flexible. Pieces of quartz and
feldspar. attributed to pegmatitic veins up to one inch in
diameter, were noticed in the samples taken. Very small
(approximately O.5mm. in diameter) particles of garnet are
also noticeable upon close examination and are easily seen
on the polished surface. The specific gravity of the rock
ra~1ged from 2.85 to 2.98. The rock is very friable and 1s
broken easily by the hands. The inherent size of the vermi-
culite plates is small as illustrated by tabie 1.
In this testj samples of the consolidated vermiculite-
bearbng rock were placed in a furnace and maintained at 18000F
for several minutes until expansion of vermiculite was appar-
ently complete. This allowed the mineral to attain its maXi-
mum size upon exfoliation, not having been affected by any
manner of grinding which might act to break the plates. The
expansion also caused the vermiculite to break free of adhering
gangue.
A s~paration of the expanded vermiculite from gangue was
then affected by means of a float-sink separation using carbon
tetrachloride as the heavy fluid (sp.'G. is 1.65). and a scree~
analysis was run on the expanded vermiculite with the following
results:
Sample Mesh
I
1 86 ~ minus '14..-.
74 «:2. • • • . . ... • • • . • • • • • • . • • . .. /0
:3 to •••••••••••••••••••••• 78 ~
"
"
14
14
Table 1.
Screen nalysis of Uncrushed Expanded Pony
Vermilculite
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The results of this test indicate that there is an inherent
tendency fot the rock to yield a fine size gtade of vermiculite.
In this respect the Pony vermiculite compares unfavorably with
that of Rainy Creek (Libby) as it is the large sizes that yield
the product which has the least mass per unit volume,and in-
creases its value for oertain uses. Another unfavorabl e pro-
perty of the Pony vermiculite is its apparent lack of toughness.
The expanded product is somewha~ brittle and friable, the ao-
cordian-like expanded plates being rather easily broken by gen-
~ly grinding the material between the fingers.
~xamination of the thin sections showed ~onsiderable
limonite criss-crossing the individual plates of vermiculite
and this may have some effect upon decreasing the bond between
vermiculite particles and thus increasing the friability. As
all the samples exrunined were taken at or near the surface
where weathering was more effective than at depth, it is pos-
sible that particle size of the mineral might increase with
depthe ,
Weight of Exparided Vermicufite
.The most valuable single property of vermiculite is its
low mass per unit volume when. expanded. The Universal Zonolite
Corp., Libby, Montana, which is mining vermiculite from the
Rainy Creek district, uses the weight-volume standard~ for ex-
8panded vermiculite:
Grade Ore Mesh Max. Wt. allowed
(Lb./cu.ft.)
1 -3 f 4 7.5
.
8. Kujawa, R.W., Universal Zono11te Corp., Libby, Mont.
personal communication, Dec., 1944.
PLATE V
IA
BOX USED IN WEIGHING VERMICU"LITE
2. 3. 4.
BEQU L WEIGHTS
(l)PONY UNEXPANDED -20,.(28-MESH, (2)PONY EXPANDED
-20f28-Mb,SH~ (3)RAINY CREEK EXPANDED -20f28-MESH,
(q)RAINY CREEK EXPANDED -lOf14 MESH
-11-
Grade Ore Mesh Max. Wt. allowed
(Lb./cu.ft.)
2 -8 ;. 20
-16 ;. 35
9.0
10.5:3
The standard method of testing the density of the expanded
vermiculite as specified by the bureau of standards is as fOllows:
1. Fill a cubic box of one cubic foot capacity with
the expanded vermiculiteo
2. Jar the box by dropping three times from a height
of six inches, thus lowering the level in the box.
3. Refill the box and weigh the contents.
The density of the material is then given in terms of
pounds per cubic foot.
All weight-volume measurements on the Pony vermiculite men-
tioned in this paper were made in this manner with one excep-
tion. This exception was in the size of the testing box used.
Because of the small amounts of material available, a smaller
~
box. was constructed which consisted of a column one inch square
by 12 inches high. This resulted in a prism of 1/144 cubic
foot capacity instead of the conventional one cubic foot. The
column was maintained at 12 inches in height, how~ver, in or-
der to maintain a weight or "head" of vermiculite in the box
comparable to that in the one cubic foot box.
CONCENTRATION METHODS. .
Reason for Concentration
. . .
I •
Concentration of vermiculite at, or close to, the site of
mining has considerable economic advantages. First, the points
17438
Table 2.
Reagents Used and Results Obtained
in Preliminary Flotation Testing of the
Pony Vermiculite
Reagent Results Observed
Sodium Oleate and
Oleic Acid'..•••.••••••.•••••. Showed no indication of
flotating neither when
conditioned with sodium
carbonate nor when fuel oil
was added.
DP-243(10rol ~mine
hydrochloride) •..•.•.......• Good clean collection
both in the presence of
sodium carbonate and
with H2S04 and Alum.
Amine 230 (U.C.andC.) •.••.••. Good non-selective froth
when conditioned with
sodium carbonate. In
H2S04 circuit it produceda poor froth and save
poor collection.
Amine 12-NAMAC-1181.5-C
(mixture of neutral
acetates and nitriles) •••••...•fair collection and froth.
Amine .~MAC-1181.5-B ...•.•••.• poor collection and froth.
Amine 220 ....•.......••.•... ,'.nocollection, poor froth.
Dioctyl. aminoethanol .••.••••• Gave the most favorsble
results. Without condition-
ing with H2S04 it had noeffect other than to give
a white brittle, non-col-
lecting froth. Whe H2S04was added, however, an
excellent collecting froth
formed immediately.
Amine 220-E .••............... no collection, poor froth.
-127'"
of consumption at present are in e~stern cities and, therefore,
freight rates absorb a large amount of the profit. It is there-
fore des~rable to ship as little worthless material as possible,
that is, to concentrate the mineral.
One alternati ve would be to expand the, vermiculite near
the mine and affect a comparatively easy separati9n by pneuma-
tic classifi~ation, the light expanded vermiculite being read-
ily blown free of the gangue. While this would probably be .
the simplest and cheapest method
following disadvantages:
of concentration, it has the,
-
1. Expanded vermiculite is generally friable and
there is considerable produc~ion of undesirable fines
in shipping the mineral in this form.
2. The bulk of the expanded mineral is too great in
proportion to its weight to obtain the m~ximum benefit
of freight rates.
/
The remaining alternative is to concentrate and ship an
unexpanded product. With this idea in mind the usual concen-
tration methods were tested in the laboratory •
~Gravity Concentration
The Pony vermibulite is not ame~ible to gravity concentra-
• 1
..tion because of the nearness of the specific gravity of vermicu-
lite to the specific gravities of the gangue minerals (vermicu-
lite, approximately' 3; quartz, 2.65; feldspar~ 2.7; garnet,
4.25). Hydraulic classification followed by tabling gave un-
satisfactory results, although several tests were made.
Results obtained by flotation may be considered satisfac-
Table 3.
Effect of Various Ions in the
Flotation of Pony Vermiculite
Reagents ~n solution
other than dioctyl
aminoethanol.
Ions in solution other than
those suppliEd by dioctvl. . ~
aminoethanol.
Collection
1. Alum A1SO .4 •• * " " " .. non e
2. HCl · f1 •• H
Cl ..""" ".. "".." n·one
He1 " .." " " " " Al
~04·
Cl .•••.••••.•....•••..•.. excellent
3. Alum
4. !-12S04. ~••••........•...••••• RS04······················excellent
5. fIN03 •••••••••••••• ·•••••••••• H
N03 " " " " .. "good
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tory. Considerable time was spent in determining the most ef-
ficaceous reagents. Testing was done in a 600 em. standard
Fagergren laboratory flotation cell. In the preliminary tests
very high pulp dilutions (appro~imatel~ 2fo solids) were main-
tained because of the shortage of material. with whicht 0 work.
The reagents tested and the result~ obtained are listed in
Tab1e2 ••
Furthering testing on the basis of the results obtained in
the preliminary tests, investigations were made using pulp con-
ditioned with sulphuric acid a~d dioctyl aminoethanol as collec-
ted. As o~her investigations have reported9 the favorable ef-
fect of alum as a depressant for feldspar minerals in the f10-
tat ion of micas using long chain amines as collectors, the ef-
fect of this reagent wa$ also investigated. It Was found that
both the acidity of the pulp and the presence of the S04 ion
were essential for activation of the vermiculite in the pre-
sence of dioctyl aminoethanol. This fact is indicated by the
data in Table;. 3.
Experimental
~uantitative tests on the ore for the recovery of vermicu-
lite followed the preliminary testing. rh~ feed to the flota-
tion cell was' prepared in the following manner: ~he vermicu-
lite-bearing rock was crushed to approximately 3/8 inch by
means of a gyratory crusher. The discharge from the crusher
was screened on a 6-mesh sieve and the oversize reduced to pass
6-mesh by hand crushing on a buckboard. This minus 6-mesh pro-
~
9. Norman and 0'. e.ar a, "F'Lo t e t i on and Agglomerate-Tabling of
Micas," U.S.B.M. R.I. 355_, 194_.
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duct was further screened on a 14-mesh sieve. The plus 14-mesh
fraction was saved for agglomeration-tabling tests,and the minus
14 fraction was cut irito 600 gm. samples for feed to the f10ta-
tiOD cell. A screen analysis of the flotation feed is given in
Tabl e 4•••
Mesh Percent of Total Weight
-14 ;. 20..... .......•... ~ 3. 4
-28
/' 'I- 28 ..• "....•.•.•... "'.••.•. 13.0
J 35 .•••••••.•••••••••••.•. 22.3
j 48 •..•........••...••..•. 19.3
-20
-35
-48 .........•.....•.•....•.•..• 41.0
Total 100.0
Table 4.•
" Screen Analysis of Feed to Flotation Cell.
Results of Flotation
In the flotation tests, 600 gms. of ore were conditioned
in the flotation cell at approximately22fo solids. Table!i ~
lists reagent quantities and dist.ribution of the products .ob-
tained. The tests were allowed to run until the froth was near-
ly completely clean.
In tests 2 "and 4 the ore was agitated fo~ six minutes in
the cell and the slimes decanted before conditioning. These
tests show a decided decrease in reagent consumption over test
3, in which the slimes were not decanted. This furnishes defi-
nite evidence that the clay slimes rob the vermiculite of con-
siderable reagent.
In test 2 and 4 the rougher concentrate was cleaned twice
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to remove gangue. In test 3 this cleaning was abandoned be-
cause of the general messiness encountered in the flotation of
the clayey concentrate.
EXamination of Products
The products of the flotation tests were analyzed for
percent vermiculite by first expanding the vermiculite at ap-
proximately l8000F and then making a float-sink separation
using carbon tetrachloride as the heavy liquid. Water could
also have been used fDr this purpose but evaporation of the
carbon tetrachloride Was more rapid than the drying of the
water-wet samples,. and as the product was generally easier to
handle, the former method was used.
In this method of analysis it was assumed that all mater-
ial which would float on the carbon tetrachloride was vermicu-
lite and all that sank was gangue.
The dried concentrates were weighed both before and after
expansion and the resul ts are given in ..Tab1.e6..
Test No. Unexpanded Expanded
2•...••........ 63.0 17.1
. 18 63 ••• ~..........• 63.0. , • • . . . . . . . • • • . • •
4 .••.••.•.....• 62.5 .•.••..•........ 18.0
Average ••......•..••.• 63.8 •••••••••••••••• l7.9
- Table 6.-
Density (pounds per cubic foot) of Dried Flotation Concen-
trates.
A further test to determine the relative amounts of each
Size of expanded vermiculite in the flotation concentrate, and
A
tM5RGa:m
J..!Jiu -TOttY F~notl CEtt. -, -
i l!! ,'1.0' '"'fl.u. plilw\,r:,
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weight per cubic foot of each, was also run. The results are
shown in I'able '7..
Mesh Per-c en t of Weight
total weight (Lb./Cu.Ft.)
I 20 2.8 -------
-20 J 28 17.0 12.1
-28 r 35 26.1 13.6
-35 f 48 22'.1 14.7
-48 32.0 18.8
rr..., . .'
~Table 7.
Screen Analysis of the Cleaned*, Expanded Vermiculite
Product from the Flotation Cell
On comparing the results in Table 7, with those in Table 4~
it first appears that no e~pansion has occurred on heating. This
1s probably due to the maximum dimension of the platy, unexpan-
ded vermiculite being unchanged by expansion. In ot.her words,
in the unexpanded mineral the plates are commonly five or six
times as wide as they are thick. As indicated in Table 6~ the
expansion is less that four times upon heating, and it is ob-
served that essentially all expansion is at right angles to.the
plates. Thus, it is seen, that in the vermiculite examined,
the mesh through which the expanded vermiculite particle passes
is governed by the original diameter of the plates.
Examination of the products showed that the vermiculite in
the middlings and the tailings was coarser than that in the
concentrates, indicating that for the reagents used, sizes lar-
l~he float product of the carbon tetrachloride separation.
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ger than l4-mesh would probably not respond to flotation effec-
tively.
The float-sink separation of the concentrate revealed con-
siderab1e Quantities of medium-brown micaceous mineral in the~
sink product. The folia of this mineral were inelastic and flex-
ible and are thought to be either individual plates which ~ave
broken off the expanded vermiculite, or to consist of an incom-
pletely hydrated form of phlogopite mica which had not reached
the "vermiculite stage" of alteration. This material was in-
dlet Lngu Iana b'le from the expanding material in physical appear-
a.nce, but no chemical or microscopic tests were made to ascer-
tain whether there were any differences.
Agglomerate Tabling
Insufficient time was available to investigate this method
of concentration sufficiently to obtain quantitative data. Con-
siderable time was spent, however, in testing the amenability
of vermiculite to certain reagents for agglomeration tabling.
Testing was done by conditioning the mineral and observing the
results on a vanning plaque. By this method several reagents
were found promising when used in combination with oil. The
most favorable' reagents tried and the results obtained are noted
below.
dioctyl aminoethanol ••.•insufficient bonding to
float the larger particles.
Amine 12-NAMAC 1181.5-C ••gave the most favorable
results. Good collection
but some tendency for the
gangue to also float.
In addition to these reagents, o-to1uidine and xy1idine
-18-
showed marked assistance in ag~lomeraiing th~ vermiculite.
USE~~OF_ YERMICULIT~
The value of vermiculite depends upon such properties of
the expanded mineral as low density (measured in pounds per
cubic foot), high refractoriness, and low thermal and sound
conductivity.
The greatest use of vermiculite under pre-war conditions
was as a home insulator, used in loose form. A minor amount
was also used in the manufacture of accoustic board, light
weight plaster cements, and coating on rolled roofing paper,
etc., where it acted to prevent sticking on rolling.
The war has considerably stimulated .the use of the mineral
as an ag&regate in lightwaight and insulating concretes. This
concrete is used in the formation of roofs and floors for build-
ings. Vermiculite is also used as deck covering and in fire
walls on oil tankers and other ships exposed to bombing attacks.
Vermiculite concrete is an extremely light-weight building
material weighing from 20 to 40 pounds per cubic foot. It
has a crushing strength of about 175 to 200 pounds per square
inch. Bricks of such material have been used in the construc-
tion of the arch in reverbatory furnace roofs because of their
refractory properties as well as their lightweight. The weight
of a standard brick of this construction is 24 ounces. Where
a stronger material is needed a binder is used which increases
the w eLght and the thermal conductivity. This brick weighs 33
ounces and they ~ave found application in· the inside walls of
cracking units in the petroleum industry.
A plastic insulation composed of vermiculite aggregate
-19-
and bl.nder' is used for sound insulation in automobiles and air-
planes.lri combination with'bonding materials, vermicuiite may
also be fabricated into a wide number of other products such
this mineral in the building of pre-fabricated hpuses. Other
as covering for pipes, acqoustic plastic and tile. and roof-
covering slabs.
A British patent taken out in 1938 provides for the reln-
forcement of ver~iculite particles by coating them with a carbon-
ac eoue material,. Claims have been made for the, post-war use of
claims for uses of the mineral are as a lubricant, vermiculite,
having a melting point of about 26000F, and other properties
comparing favorably w t th graphi te; as a purifying fil ter for gas-
oline and oil; in automobile mufflers and high temperature gas-
kets; as a sub-soil reservoir; a dehydrating agent in air con-
ditioning systems, also in the inner soles of shoes to prevent
10squeaking.
Table 8 illustrates the uses of expanded vermiculite ac-
11cording to size.
Mesh Uses of Vermiculite
4 inch to ~o mesh House 'insulation _
Home refrigerators
Automobile mufflers
Accoustic plaster
Safe and Vault lining
Pi e 'covering
Boiler 1agging
Smal tar 1ade ls
Refractory brick
InSUlation cement
20- to 40-~esh Automobile insulation
Airplane insulation
Refrigerator car
insulation
Annealing steel
Fire extinguishers
10. Gwinn) G.R.J "Marketing Vermiculite," U.S.B.M~ I.C. 7270.11. U.S.B.M. Yearbook, 1936
40- to l20-mesh Linoleum Dielectric
sWitchboards
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Mesh Uses of Vermiculite
20- to 40-mesh (cont.) Wall board
Water coolers
Filters
Shingles
Cornice board
120- to 200-mesh Grease lubricant
.Bakelite products
Tires and
other rubber
goods
\
Wall paper
Outdoor advertising
paints .
Building Up viscosity
Fireproof cartons for
ih oil
f ilrn
200- to 270-mesh
270-mesh Extender for gold and bronze
paint and printing ink
,
Ta.ble 8.
Uses of Expanded Vermiculite According to Size.
PRODUCTION AND STATISTICS
The first production of vermiculite in the United St~tes
came in 1915 when a mineral mined in the Turrett district,
Colorado was placed on the market,
Production figures for 1943 and 1944 are not available.
The Minerals Yearbook for 1942, however, gives the following
figures:
Year Production
(short tons)
Value
(dollars)
1941~ ••••••••.••• 23,438 ••.••••••••• 125,444
1942 ••••••••.•... 57,848 ••••..•.•••• 319,931
These figures include crude and exfoliated vermiculite
produced in seven states. The principal producer, by far, was
the Universal 20no11te Insulation Company, Libby, Montana, from
-21-
its mines in the Rainy Creek district.
The value of screened and cleaned vermiculite in September,
1942 was $9.50 pe~ short ton F.O.B. mine - in North Carolina,
and ~12. in Montana. The exfoliated mineral was quoted~ at
from J.70 to il.25 per bag, each containing four cubic feet
and weighing 25 pounds. This amounts to $5~. to $100. per
short ton F.O.B. works.
Known commercial. deposits of vermiculite are situated in
South Carolina and Montana'with intermittent pro~uction from
Wyoming, California, Nevada and Colorado. Foreign deposits
include those in Japan, Russia, Union of South Africa and,
Tanganyika, Africa, and in the southeastern part af western
Australia. Outside of the"United States, only the Russian
and South African de osits have been wor~ed commercially
over a period of years, although the A~stralian deposits have
been developed during recent years~
CONCLUSIONS
The vermiculite-bearing rock examined occurs in highly
metamorphosed pre-Cambrian schists of the Pony series, approxi-
mately four miles northwest of the town of Pony, Madison Coun-
ty, Montana.
The genesis of vermiculite deposits in generalis obscured
by the lack of information regarding the physical nature of
the miheral at a depth below the zone of metoric water, a1-
though it is generally agreed that vermiculite is an altera-
tion product of one of the common baSiC, rock-forming miner-
-r.Thesefigures pertain to a much coarser material than thA Pony
vermiculite examined in this report, and therefore pre.sumably,
procures a higher price
-22-
als.
In the Pony deposits all evidence secured leads to the
belief that the vermiculite is derived from the alteration of
hornblende. Action of both ~etoric ~~d hydrothermal solutions
is evident and the formation of the vermiculite is believed
to have been dependent on both for its hydrous nature and re-
lated expanding properties. The hydrothermal solutions are
considered to have been necessary in order to enact the chemi-
cal change necessar to alter hornblende to non-expanding ver-
miculite or biotite-phlogopit~ mica. The metoric water later
weathered this hydrothermally alter~d ~ineral to the more hyd-
rous-vermiculite.
\.The Pony material has the undesirable quality of the ver- \
J
miculite to produ~e fine sizes upon, expansion and thereby -limi-
tine the use of the product.
Gravity concentration did not appear to be adapted to con-
centration of vermiculite. Concentration by flotation, however,
using dioctyl aminoethanol, sulphuric acid and alum as reagents,
produced satisfactory results. Agglomerate-~abling tests al~o
indicate that the Pony vermiculite might be concentrated in
this manner, although no quantitative tests were made.
